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SCIENTIFIC EDUCATION AND THE 
TEACHING OF PHYSICS! 

THE real cause of the prevailing neglect of 
science, with all its pernicious results, is that 
almost all our political leaders have received 
the most favored and fashionable form of pub- 
lie school education, and are without any sci- 
entific education. An education in classics 
and dialectics, the education of a lawyer, may 
be a good thing—for lawyers; though even 
that is doubtful. For the training of men who 
are to govern a state whose very existence de- 
pends on applications of science, and on the 
proper utilization of available stores of energy, 
it is ludicrously unsuitable. We hear of the 
judicial frame of mind which lawyers bring to 
the discussion of matters of high policy, but in 
the majority of scientific cases it is the open 
mind of crass ignorance. The result is la- 
mentable: I myself heard a very eminent coun- 
sel declare in a case of some importance, in- 
volving practical applications of science, that 
one of Newton’s laws of motion was that “ fric- 
tion is the cause of oscillations”! And the 
helpfulness of some eminent counsel and 
judges in patent cases is a byword. 

As things are, eminence in science is no 
qualification, it would even seem to be a posi- 
tive disqualification, for any share in the con- 
duct of the affairs of this great industrial 
country. The scientific sides of public ques- 
tions are ignored, nay, in many cases our 
rulers are unconscious of their existence. Re- 
cently in a discussion on the Forestry Bill in 
the House of Lords a member of that illus- 
trious body made the foolish assertion that for- 
estry had nothing to do with science; all that - 
was needed was to dig holes and stick young 
trees into them. Could fatuity go further? 


1 Concluding part of the address of the president 
to the Mathematical and Physical Science Section 
at the Bournemouth meeting of the British Asso- 
ciation for the Advancement of Science. 
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This hereditary legislator who, as things are, 
has it in his power to manage, or mismanage, 
the conversion into available energy of the 
radiation beneficently showered on a certain 
area (his area) of this country of ours does 
not seem to be aware that the growing of trees 
is a highly scientific industry, that there are 
habits and diseases of trees which have been 
profoundly studied, that, in short, the whole 
subject of silviculture bristles with scientific 
problems, the solutions of which have by pa- 
tient labor been to a considerable extent ob- 
tained. 

Take also the case of the dyes industries. 
The publicists and the good business men— 
the supermen of the present age—who wish to 
control and foster an industry which owes its 
very existence to an English chemist, refuse to 
have on the committee which is to manage this 
important affair any man of scientific emi- 
mence, and no remonstrance has any effect. 
These great business men are as a rule not 
scientific at all. They are all very well for 
finance, in other respects their businesses are 
run by their works-managers, and, in general, 
they are not remarkable for paying hand- 
somely their scientific assistants. 

I myself once heard it suggested by an emi- 
nent statesman that an electrical efficiency of 
98 per cent. might by the progress of electrical 
science be increased fourfold! This, I am 
afraid, is more or less typical of the highly 
educated classical man’s appreciation of the 
law of conservation of energy; and he is, save 
the mark, to be our minister, or proconsul, and 
the conservator of our national resources. It 
is not surprising, therefore, that in connection 
with a subject which for several weeks occu- 
pied a great space in the newspapers, and is 
now agitating a large section of the commu- 
nity, the nationalization of our coal mines, 
there was not a single word, except perhaps a 
causal vague reference in the report of the 
chairman, to the question, which is intimately 
bound up with any solution of the problem 
which statesmen may adopt, I mean the ques- 
tion of the economic utilization, in the inter- 
ests of the country at large, of this great in- 
heritance which nature has bestowed upon us. 


[N. 8S. Vou. L. No. 1295 


In short, are Tom, Dick and Harry, if we may 
so refer to noble and other coalowners, and to 
our masters the miners, to remain free to waste 
or to conserve at their own sweet will, or to 
exploit as they please, this necessity of the 
country’s existence ? 

The fact is that until scientific education 
has gone forward far beyond the point it has 
yet reached, until it has become a living force 
in the world of politics and statesmanship, we 
shall hardly escape the ruin of our country. 
The business men will not save us; as has been 
said with much truth, the products of modern 
business methods are to a great extent slums 
and millionaires. It lies to a great extent with 
scientific men themselves to see that reform 
is forthcoming; and more power to the guild 
of science and to any other agency which can 
help to bring about this much-needed result. 

While scientifically educated men, whether 
doing special work or acting as officers, have 
been held of far slighter account in the serv- 
ices than they ought to have been, for physi- 
cists as such there has been little or no recog- 
nition, except, I believe, when they happened 
to be ranked as research chemists! How did 
this happen? Why, the various trades as- 
serted themselves, and the result was a suff- 
ciently long list of “reserved occupations,” a 
list remarkable both for its inclusions and for 
its exclusions. There was, for example, a class 
of “ opticians,” many of whom have no know!- 
edge of optics worth mentioning. They are 
merely traders. One of these, for example, the 
proprietor of a business, made a plaintive ap- 
peal to myself as to how he could determine 
the magnifying powers of certain field-glasses 
which he wished the Ministry of Munitions to 
purchase. But for a young scientific man, 
even if he were an eminent authority on theo- 
retical and practical optics, but who was not in 
the trade, there was no place. 

Research chemists received their recogni- 
tion in consequence of the existence of the in- 
stitute of chemistry. I am extremely glad to 
find that something is now being done to 
found an institute of physics. I hope this 


movement will be successful, and that it will 
be thoroughly practical and efficient. I hope 
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its president and council, its members and its 
associates, will be jealous for science, and espe- 
cially for physics. It ought to be a thoroughly 
hard-working body, without any frills, desti- 
tute of work value. They have an example in 
the General Medical Council, which has so 
effectively cared for the interests of the med- 
ical profession. 

I am glad that something is being done at 
last for the organization of scientific research. 
This movement has started well in several, if 
not in all, respects, and I wish it all success. 
There are, however, one or two dangers to be 
avoided, and I am not sure—I may be much 
too timid and suspicious—that they are fully 
recognized, and that the result will not be too 
much of a bureaucracy. Somehow or other I 
am reminded by the papers I have seen of the 
remark of a poor man who, asking charity of 
some one in Glasgow, was referred to the 
Charity Organization Society of that city. 
“No, thank you,” he said: “there is a good 
deal more organization than charity about that 
institution.” So I hope that in the movement 
on foot the organization will not be more 
prominent than the science, and the organizers 
than the scientific workers. 

There is to my mind too much centraliza- 
tion aimed at. Everything is to be done from 
London: a body sitting there is to decide the 
subjects of research and to allocate the grants. 
There may be a good deal to be said for that 
in the case of funds obtained in London. But 
apparently already existing local incentives to 
research work are to be transferred to Lon- 
don. The Carnegie Trust for the Universities 
of Seotland, soon after its work began, inaug- 
urated a scheme for research work in connec- 
tion with these universities. The beneficiaries 
of the trust, it is well known, must be students 
of Seottish nationality. The action of the 
trust has been most excellent, and much good 
work has been done. Now, so far as chemis- 
try and physics are concerned, it has been 
proposed, if not decided, to hand over to the 
organization in London the making of the 
awards, a process of centralization that will 
probably not end with these subjects. I ven- 
ture to protest against any such proceeding. 
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The more incentives and endowments of re- 
search that exist and are administered in the 
provinces the better. Moreover, this is a 
benefaction to Scottish students which ought 
not to be withdrawn and merged in any pro- 
vision made for the whole country, and admin- 
istered in London by a bureau which may 
know little of the Scottish universities or of 
Scottish students. The bureau might, with 
equal justice or injustice, be given command 
of the special-research scholarships of all the 
universities both in England and Scotland, 
and administer them in the name of the fetish 
of unification of effort. I do not know, but 
can imagine, what Oxford and Cambridge and 
Manchester and Liverpool would say to that. 
But even Scotland, where of course we know 
little or nothing about education of any kind, 
may also have something to say before this 
ultra-centralization becomes an accomplished 
fact. 

There is, it seems to me, another danger to 
be avoided besides that of undue centraliza- 
tion in London. In most of the statements I 
have seen regarding the promotion of research 
work the emphasis seems to be on industrial 
research, that is in applied science. This kind 
of research includes the investigation of phys- 
ical and chemical products of various kinds 
which may be used in arts and manufactures, 
and its deliberate organized promotion ought 
to be a commercial affair. I observed, by the 
way, with some amusement, that according to 
the proposals of one committee for applied 
science, which is prepared to give grants and 
premiums for researches and results, the pro- 
fessor or head of a department, from whom 
will generally come what are most important, 
the ideas, is to have no payment. He is sup- 
posed to be so well paid by the institution he 
belongs to as to require no remuneration for 
his supervision of the committee’s researches. 
And the results are to be the sole property of 
the committee! 

There is in this delightfully calm proposal 
at least a suggestion of compulsion and of 
interference with institutions and their staffs, 
which ought to be well examined. Also some 
light is thrown on the ideas of such people as 
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managing directors of limited liability com- 
panies, who are members of such a committee, 
as to what might reasonably be expected of 
men of high attainments and skill, whose 
emoluments taken all round are on the whole 
miserably insufficient. 

I think that it is in danger of being for- 
gotten that, after all, pure science is by far 
the most important thing. Most of the great 
applications of science have been the products 
of discoveries which were made without any 
notion of such an outcome. Witness the tre- 
mendous series of results in electricity of 
which the beginning was Faraday’s and 
Henry’s researches on induction of currents, 
and the conclusion was the work of Hertz on 
electric waves. From the first came the pro- 
duction and transmission of power by elec- 
tricity, from the last the world has received 
the gift of wireless telegraphy. I am not at all 
sure whether the great men who worked in the 
sixty or seventy years which I have indicated 
would have always received grants for pro- 
posed researches, which to many of the good 
business directors and other supermen serving 
on a great bureau of investigation, had such 
then existed, would have appeared fantastic 
and visionary. In research, in pure science at 
least, control will inevitably defeat itself. The 
scientific discoverer hardly knows whither he 
is being led: by a path he knows not he comes 
to his own. He should be free as the wind. 
But I must not be misunderstood. Most cer- 
tainly it is right to encourage research in ap- 
plied science by all available and legitimate 
means. But beware of attempting to control 
or “capture” the laboratories of pure science 
in the universities and colleges of the coun- 
try. Let there be also ample provision for the 
pursuit of science for its own sake; the return 
will in the future as in the past surpass all 
expectation. 

I had intended to say something about sci- 
entific education as exemplified by the teach- 
ing of physics. I have left myself little time 
or space for this. I can not quite pass the 


matter over, but I shall compress my remarks. 


In the first place I regard dynamics, especially 
rotational dynamics, as the foundation of all 
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physics, and it is axiomatic that the founda- 
tion of a great structure should be soundly 
and solidly laid. The implications of dynam- 
ics are at present undergoing a very strict and 
searching examination, and now we may say 
that a step in advance has been taken from the 
Newtonian standpoint, and that a new and 
important development of dynamics has come 
into being. I refer of course to the new theo- 
ries of relativity, which are now attracting so 
much attention. I hope to learn from the dis- 
cussions, which we may possibly have, some- 
thing of the latest ideas on this very funda- 
mental subject of research. It is a matter for 
congratulation that so many excellent accounts 
of relativity are now available in English. 
Some earlier discussions are so very general in 
their mathematical treatment and notation as 
to be exceedingly difficult to master com- 
pletely. I have attacked Minkowski’s paper 
more than once, but have felt repelled, not by 
the difficulties of his analysis, but by that of 
marshalling and keeping track of all his re- 
sults. Einstein’s papers I have not yet been 
able to obtain. Hence it is a source of gratifi- 
cation to have Professor Eddington’s interest- 
ing Report to the Physical Society and the 
other excellent treatises which we have in 
English. But continual thought and envisag- 
ing of the subject is still required to give any- 
thing approaching to instinctive appreciation 
such as we have in ordinary Newtonian dy- 
namics. I venture to say that the subject is 
preeminently one for physicists and physical 
mathematicians. In some ways the new ideas 
bring us back to Newton’s standpoint as re- 
gards so-called absolute rotation, a subject on 
which I have never thought that discussions 
of the foundations of dynamics had said ab- 
solutely the last word. 

The better the student of physics is grounded 
in the older dynamics, and especially in the 
dynamics of rotation, the sooner will he be 
able to place himself at the new point of view, 
and the sooner will his way of looking at 
things begin to become instructive. 

With regard to the study of physics in our 
universities and colleges, I had written a good 
deal. I have put that aside for the present, 
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and will content myself with only a few gen- 
eral observations. First, then, it would, I 
think, be conducive to progress if it were more 
generally recognized that dynamics is a phys- 
ical subject, and only secondarily a mathe- 
matical one. Its study should be carried on in 
the departments of physics, not in those of 
mathematics or in separate departments of ap- 
plied mathematics. It is, or ought to be, 
essentially a subject of the physical lecture- 
room and the physical laboratory. The stu- 
dent should be able to handle rotating bodies, 
to observe and test the laws of precession and 
nutation, to work himself, in a word, into an 
instinctive appreciation of at least the simpler 
results of rotational theory. He should learn 
to think in vectors, without necessarily refer- 
ring either to Hamilton or to Grassmann. 
Some people appear to censure the use of vec- 
tor ideas without the introduction at the same 
time of some form of vector notation. I do 
not feel drawn to any system of vectors in par- 
ticular—all have their good points, and in 
some ways for three dimensional work the 
quaternion analysis is very attractive—but 
vector ideas are of the very utmost importance. 

Hence I deprecate the teaching, however ele- 
mentary, which as a beginning contents itself 
with rectilineal motion. The true meaning of 
rate of change of a directed quantity, even of 
velocity and acceleration, is missed, and in- 
stead of having laid a foundation for further 
progress the teacher, when he desires to go 
beyond the mere elements, has practically to 
relay his foundations, has in fact to extract 
imperfect ideas from his pupils’ minds and 
substitute new ones, with the result that a 
great deal of avoidable perplexity and vexa- 
tion is produced. The consideration of the 
manner of growth of vectors—the resultant 
vector or it may be component vectors, accord- 
ing to convenience—is the whole affair. As 
an illustration of what I mean, take this: A 
vector quantity has a certain direction, and 
also a magnitude L. It is turning in a certain 
Plane with angular speed w. This turning 
causes a rate of production of the vector quan- 
tity about a line in that plane and perpendic- 
ular to the former, and towards which the 
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former is turning, of amount Lw. Thus a 
particle moving in a curve with speed v has 
momentum mv forwards along the tangent at 
the position of the particle. The vector is 
turning towards the principal radius (length 
k) of curvature at the point at rate v/R. 
Hence towards the center of curvature mo- 
mentum is growing up at time rate mv*/R. 

Dealt with in this way, with angular mo- 
mentum instead of simple momentum, the 
motions of the principal axes of a rigid body 
give the equations of Euler instantly and in- 
tuitively, and all the mind-stupefying notions 
of centrifugal couples, and the like, are swept 
away. 

With regard to mathematics, the more the 
physicist knows the better, and he should con- 
tinually add to his store by making each phys- 
ical subject he takes up a starting-point for 
further acquisition. Some very philistine no- 
tions as to mathematics prevail, and are very 
mischievous. For example, I once heard an 
eminent practical engineer declare that all the 
calculus an engineering student requires could 
be learned in an hour or two. This is simply 
not true, nor is it true, as some exponents of 
ultrasimplicity seem to suggest, that the pro- 
fessional mathematical teacher wilfully makes 
his subject difficult in order to preserve its 
esoteric character. Like the engineer or physi- 
cist himself, he is not always so simple as he 
might be; but the plain truth is that no good 
progressive mathematical study can be carried 
out without hard and continued application of 
the mind of the student to the subject. And 
why should he depend on the mathematicai 
teacher? Let him be his own teacher! There 
are plenty of excellent books. If he has a de- 
termination to help himself he will, if he 
makes a practise of reserving difficulties and 
returning to them, find them vanish from his 
path. 

As I have said, I am specially interested in 
rotational dynamics. In the course of the 
war I have been appalled by the want of ap- 
preciation of the principles of this subject, 
which, in spite of considerable acquaintance 
with the formal theory, seemed to prevail in 
some quarters. I don’t refer to mistakes made 
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by competent people—it is human to err—but 
to the want of appreciation of the true phys- 
ical meaning of the results expressed by equa- 
tions. A gyrostat as ordinarily considered is 
a closed system, and its dynamical theory is 
of a certain kind. But do away with the 
closedness, and the dynamical theory is quite 
a different affair. Take, as an example, the 
case of two interlinked systems which are sep- 
arately unstable. This compound system can 
be made stable even in the presence of dissipa- 
tive forces. A certain product of terms must 
be positive, so that the roots of a certain de- 
terminantal equation of the fourth degree may 
all be positive. The result shows that there 
must be angular acceleration, not retardation, 
of the gyrostat frame. This acceleration is a 
means of supplying energy from without to 
the system, the energy necessary to preserve 
in operation the functions of the system. 

I have ventured to think this stabilizing ac- 
tion by acceleration of the compound motion 
very important. It is lost sight of by those 
who consider and criticize gyrostatic appli- 
ances from the usual and erroneous point of 
view. Also I believe that it is by analogy a 
guide to the explanation of more complicated 
systems in the presence of energy-dissipating 
influences, and that the breaking down of sta- 
bility or death of the system is due to the fact 
that energy can no longer be supplied from 
without in the manner prescribed for the sys- 
tem by its constitution. 

I had just concluded this somewhat frag- 
mentary address when the number of Nature 
for July 24 came to hand, containing a report 
of Sir Ernest Rutherford’s lecture at the 
Royal Institution on June 6. The general re- 
sult of Sir Ernest’s experiments on the col- 
lision of a-particles with atoms of small mass 
is, it seems to me, a discovery of great impor- 
tance, whatever may be its final interpretation. 
The conclusion that “the long-range atoms 
arising from the collision of a-particles with 
nitrogen are not nitrogen atoms, but probably 
charged atoms of hydrogen or atoms of mass 
2,” is of the utmost possible interest. The a- 


particle (the helium atom, as Rutherford sup- 
poses it to be) is extraordinarily stable in its 
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constitution, and probably consists of three 
helium nuclei each of mass 4, with two at- 
tached nuclei of hydrogen, or one attached nu- 
cleus of mass 2. The intensely violent conyul- 
sion of the nitrogen atom produced by the 
collision causes the attached nuclei, or nucleus, 
to part company with the helium nuclei, and 
the nitrogen is resolved into helium and hy.- 
drogen. 

It seems that, in order that atoms may be 
broken down into some primordial constitu- 
ents, it is only necessary to strike the more 
complex atom with the proper kind of hammer, 
Of course, we are already familiar with the 
fact that radio-active forces produce changes 
that are never produced by so-called chemical 
action; but we seem now to be beginning to 
get a clearer notion of the rationale of radio- 
action. It seems to me that it might be inter- 
esting to observe whether any, or what kind 
of, radiation is produced by the great tribula- 
tion of the disturbed atoms and continued 
during its dying away. If there is such radia- 
tion, determinations of wave lengths would be 
of much importance in many respects. 

I may perhaps mention here that long ago, 
when the cause of X-rays was a subject of 
speculation, and the doctrine that mainly 
found acceptance was that they were not light 
waves at all, I suggested to the late Professor 
Viriamu Jones that radiation of extremely 
small wave length would be produced if atomic 
or molecular vibration, as distinguished from 
what in comparison might be called molar 
vibration, could be excited. An illustration 
that suggested itself was this: Take a vibrator 
composed of a series of small masses with 
spring connections. If these masses are of 
atomic or molecular dimensions any ordinary 
impulse or impact would leave them unaf- 
fected, while vibrations of grouns of them, 
depending on the connections, would result. 
But the impact on one of the masses of 4 
hammer of sufficiently small dimensions, and 
mass would give vibrations depending on the 
structure of the mass struck, and independent 
of the connections, just as the bars of a xylo- 
phone ring, while the suspended series of bars, 
if it swings at all, does so without emitting 
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any audible sound. This is, I believe, in ac- 
cordance with the theory now held as to X- 
rays. We now have some information as to 
the mode of producing a local excitement so 
intense as to cause not merely atomic disturb- 
ance, but actual disruption of the atomic struc- 
ture. Further developments of Sir Ernest 
Rutherford’s experiments and of his theory 
of their explanation will be eagerly awaited. 
A. Gray 





ENGINEERING SCIENCE BEFORE, DUR- 
ING AND AFTER THE WARE. III 


THE nations which have exerted the 
most influence in the war have been those 
which have developed to the greatest ex- 
tent their resources, their manufactures 
and their commerce. As in the war, so in 
the civilization of mankind. But, viewing 
the present trend of developments in har- 
nessing water-power and using up the fuel 
resources of the world for the use and con- 
venience of man, one can not but realize 
that, failing new and unexpected discover- 
ies in science, such as the harnessing of the 
latent molecular and atomic energy in 
matter, as foreshadowed by Clerk Maxwell, 
Kelvin, Rutherford and others, the great 
position of England can not be maintained 
for an indefinite period. At some time 
more or less remote—long before the ex- 
haustion of our coal—the population will 
gradually migrate to those countries where 
the natural sources of energy are the most 
abundant. 

Water-power and Coal.—-The amount of 
available water-power in the British Isles 
is very small as compared with the total 
in other countries. According to the latest 
estimates, the total in the British Isles is 
less than 1,500,000 h.p., whereas Canada 
alone possesses more than 20,000,000 h.p., 
of which more than 2,000,000 h.p. have al- 
ready been harnessed. In the rest of the 
British Empire there are upwards of 30,- 
000,000 h.p., and in the remainder of the 
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world at least 150,000,000 h.p., so that 
England herself possesses less than 1 per 
cent. of the water-power of the world. 
Further, it has been estimated that she 
only possesses 24 per cent. of the whole 
coal of the world. To this question I 
would wish to direct our attention for a 
few minutes. 

I have said that England owes her 
modern greatness to the early development 
of her coal. Upon it she must continue to 
depend almost exclusively for her heat and 
source of power, including that required — 
for propelling her vast mercantile marine. 
Nevertheless, she is using up her resources 
in coal much more rapidly than most other 
countries are consuming theirs, and long 
before any near approach to exhaustion is 
reached her richer seams will have become 
impoverished, and the cost of mining so 
much increased that, given cheap trans- 
port, it might pay her better to import 
coal from richer fields of almost limitless 
extent belonging to foreign countries, and 
workable at a much lower cost than her 
own. 

Let us endeavor to arrive at some ap- 
proximate estimate of the economic value 
of the principal sources of power. The 
present average value of the royalties on 
coal in England is about $6 per ton, but 
to this must be added the profit derived 
from mining operations after paying royal- 
ties and providing for interest on the 
capital expended and for its redemption as 
wasting capital. After consultation with 
several leading experts in these matters, I 
have come to the conclusion that about 
ls per ton represents the pre-war market 
value of coal in the seams in England. 

It must, however, be remembered that, 
in addition, coal has a considerable value 
as a national asset, for on it depends the 
prosperity of the great industrial interests 
of the country, which contribute a large 
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portion of the wealth and revenue. From 
this point of view the present value of un- 
mined coal seems not to have been suffi- 
ciently appreciated in the past, and that 
in the future it should be better appraised 
at its true value to tie nation. 

This question may be viewed from an- 
other aspect by making a comparison of 
the cost of producing a given amount of 
electrical power from coal and from water- 
power. Assuming that 1 h.p. of electrical 
energy maintained for one year had a pre- 
war value of £5, and that it requires about 
eight tons of average coal to produce it, 
we arrive at the price of 6s. 3d. per ton, 
1. €., crediting the coal with half the cost. 
The capital required to mine eight tons of 
eoal a year in England is difficult to esti- 
mate, but it may be taken approximately 
to be £5, and the capital for plant and 
machinery to convert it into electricity at 
£10, making a total of £15. In the case of 
water-power the average capital cost on 
the above basis is £40, including water 
rights (though in exceptionally favored 
districts much lower costs are recorded). 

From these figures it appears that the 
average capital required to produce elec- 
trical power from coal is less than half 
the amount that is required in the case of 
water-power. The running costs, however, 
in connection with water-power are much 
less than those in respect of coal. Another 
interesting consideration it that the cost of 
harnessing all water-power of the world 
would be about £8,000,000,000, or equal to 
the cost of the war to England. 

Dowling has estimated the total coal of 
the world as more than 7 million million 
tons, as whether we appraise it at ls. or 
more per ton its present and prospective 
value is prodigious. For instance, at 6s. 
3d. per ton it amounts to nearly one hun- 
dred times the cost of the war to all the 


belligerents. 
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In some foreign countries the capital 
eosts of mining are far below the figures 
I have taken, and, as coal is transportable 
long distances and, generally speaking, 
electricity is not so at present, therefore it 
seems probable that capital will in the im- 
mediate future flow in increasing quantity 
to mining operations in foreign countries 
rather than to the development of, at any 
rate the more difficult and costly, water- 
power schemes. When, however, capital 
becomes more plentiful the lower running 
costs of water-power will prevail, with the 
result that water-power will then be 
rapidly developed. 

As to the possible new sources of power, 
I have already mentioned molecular 
energy, but there is another alternative 
which appears to merit attention. 

Bore Hole.—In my address to Section B 
in 1904 I discussed the question of sink- 
ing a shaft to a depth of twelve miles. 
which is about ten times the depth of any 
shaft in existence. The estimated cost was 
£5,000,000, and the time required about 
eighty-five years. 

The method of cooling the air-locks to 
limit the barometric pressure on _ thie 
miners and other precautions were de- 
scribed, and the project appeared feasible. 
One essential factor has, however, been 
queried by some persons: Would the rock 
at the great depth crush in and destroy 
the shaft? Subsequent to my address I 
wrote to Nature, suggesting that the ques- 
tion might be tested experimentally. Pro- 
fessor Frank D. Adams, of MeGill Uni- 
versity, Montreal, acting on the suggestion, 
has since carried out exhaustive experi- 
ments, published in the Journal of Geology 
for February, 1912, showing that in lime- 
stone a depth of fifteen miles is probably 
practicable, and that in granite a depth otf 
thirty miles might be reached. 

Little is at present known of the earth’s 
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interior, except by inference from a study 
of its surface, upturned strata, shallow 
shafts, the velocity of transmission of 
seismic disturbances, its rigidity and 
specifie gravity, and it seems reasonable 
to suggest that some attempt should be 
made to sink a shaft as deep as may be 
found practicable and at some locality 
selected by geologists as the most likely to 
afford useful information. 

When we consider that the estimated 
cost of sinking a shaft to a depth of twelve 
miles, at present-day prices, is not much 
more than the cost of one day of the war 
to Great Britain alone, the expense seems 
trivial as compared with the possible know]l- 
edge that might be gained by an investiga- 
tion into this unexplored region of the 
earth. It might, indeed, prove of in- 
estimable value to science, and also throw 
additional light on the internal constitu- 
tion of the earth in relation to minerals of 
high specific gravity. 

In Italy, at Lardarello, bore-holes have 
been sunk which discharge large volumes 
of high pressure steam, which is being 
utilized to generate about 10,000 h.p. by 
turbines. At Solfatara, near Naples, a 
similar project is on foot to supply power 
to the great works in the district. It 
seems, indeed, probable that in voleanic 
regions a very large amount of power may 
be, in the future, obtained directly or in- 
directly by boring into the earth, and that 
the whole subject merits the most careful 
consideration. 

While on the subject of obtaining power, 
may I digress for a few moments and 
describe an interesting phenomenon of a 
somewhat converse nature, 7. e., that of 
intense pressure produced by moderate 
forees closing up cavities in water ? 

A committee was appointed by the Ad- 
iniralty in 1906 to investigate the cause 
of the rapid erosion of the propellers of 
some of the ships doing arduous duties. 
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This was the first time that the problem 
had been systematically considered. The 
committee found that the erosion was due 
to the intense blows struck upon the blades 
of the propellers by the nuclei of vacuous 
cavities closing up against them. Though 
the pressure bringing the water together 
was only that of the atmosphere, yet it was 
proved that at the nucleus 20,000 atmos- 
pheres might be produced. 

The phenomenon may be described as 
being analogous to the well-known fact 
that nearly all the energy of the arm that 
swings it is concentrated in the tag of a 
whip. It was shown that when water 
flowed into a conical tube which had been 
evacuated a pressure of more than 140 
tons per square inch was recorded at the 
apex, which was capable of eroding brass, 
steel, and, in time, even the hardest steel. 
The phenomenon may occur under some 
conditions in rivers and waterfalls where 
the velocity exceeds 50 feet per second, 
and it is probably as great a source of 
erosion ag by the washing down of boulders 
and pebbles. Then again, when waves 
beat on a rocky shore, under some condi- 
tions, intense hydraulic pressures will 
oceur, quite sufficient of themselves to 
erush the rock and to open out narrow 
fissures into caves. 

Research.—The whole question of the 
future resources of the empire is, I venture 
to think, one which demands the serious 
attention of all men of science. It should 
be attacked in a comprehensive manner, 
and with that insistence which has been 
so notable in connection with the efforts of 
British investigators in the past. In such 
a task some people might suggest we need 
encouragement and assistance from the 
government of the country. Surely we 
have it. As many here know, a great 
experimental step towards the practical 
realization of Solomon’s House as pre- 
figured by Francis Bacon in the New 
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Atlantis is being made by the government 
at the present time. The inception, con- 
stitution and methods of procedure of the 
department, which was constituted in 1915, 
were fully described by Sir Frank Heath 
in his paper to the Royal Society of Arts 
last February, and it was there stated by 
Lord Crewe that, so far as he knew, this 
was the only country in which a govern- 
ment department of research existed.* 

It is obvious that the work of a depart- 
ment of this kind must be one of gradual 
development with small beginnings in 
order that it may be sound and lasting. 
The work commenced by assisting a num- 
ber of researches conducted by scientific 
and professional societies which were lan- 
guishing as a result of the war, and grants 
were also made to the National Physical 
Laboratory and to the Central School of 
Pottery at Stoke-on-Trent. The grants for 
investigation and research for the year 
1916-17 totalled £11,055, and for the pres- 
ent year are anticipated to be £93,570. 
The total income of the National Physical 
Laboratory in 1913-14 was £43,713, and, 
owing to the great enlargement of the lab- 
oratory, the total estimate of the Research 
Department for this service during the 
current year is £154,650. 

Another important part of the work of 
the department has been to foster and to 
aid financially associations of the trades 
for the purpose of research. Nine of 
these associations are already at work; 
eight more are approved, and will prob- 
ably be at work within the next two 
months; and another twelve are in the 
earlier stage of formation. There are also 
signs of great increase of research by 


4The Italian government are now establishing 
a National Council for Research, and a bill is be- 
fore the French Chamber for the establishment of 
a National Office of Scientific, Industrial and Agri- 
cultural Research and Inventions. 
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individual factories. Whether this is due 
to the indirect influence of the Research 
Department or to a change in public 
opinion and a more general recognition of 
the importance of scientific industrial re- 
search it is difficult to say. 

The possibility of the uncontrolled use 
on the part of a nation of the power which 
science has placed within its reach is so 
great a menace to civilization® that the 
ardent wish of all reasonable people is to 
possess some radical means of prevention 
through the establishment of some form of 
wide and powerful control. Has not sci- 
ence forged the remedy by making the 
world a smaller arena for the activities of 
civilization, by reducing distance in terms 
of time? Alliances and unions, which 
have successfully controlled and stimu- 
lated republics of heterogeneous races 
during the last century, will therefore 
have become possible on a wider and 
grander scale, thus uniting all civilized 
nations in a great league to maintain 
order, security and freedom for every in- 
dividual and for every state and nation 
liberty to devote their energies to the con- 
trolling of the great forces of nature for 
the use and convenience of man, instead 
of applying them to the killing of each 
other. 

Many of us remember the president’s 
banner at the Manchester meeting in 1915, 
where science is allegorically represented 
by a sorrowful figure covering her eyes 
from the sight of the guns in the fore- 
ground. This year science is represented 
in her more joyful mien, encouraging the 
arts and industries. It is to be sincerely 
hoped that the future will justify our 
present optimism. 

CHARLES A. PARSONS 


5 For instance, it might some day be discovered 
how to liberate instantaneously the energy in 
radium, and radium contains 2,500,000 times the 
energy of the same weight of T.N.T, 
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CYRIL G. HOPKINS 


Dr. Crrm G. Hopkins, head of the depart- 
ment of agronomy of the University of Illi- 
nois, passed away at the British Military Hos- 
pital at Gibraltar, on October 6, of congestion 
of the brain with malarial complications. 

He had finished a year’s work in the study 
of the exhausted soils of Greece under the aus- 
pices of the American Red Cross, had made 
his official report, had seen to the preparation 
of a Greek translation, had been decorated by 
the King of Greece “for distinguished serv- 
ice,” and had taken ship for home when, with- 
out warning, the third day out from Gibraltar, 
the fatal illness struck him and at the age of 
fifty-three at the very zenith of his powers, his 
service was brought to an end. Just what that 
service was, I shall attempt to state as clearly 
as it is possible for a layman to state it. 

Dr. Hopkins was a chemist both by training 
and by instinct. He had the chemist’s concep- 
tion that everything about us is built up « 
well-known elements in varying but definite 
proportions. He carried this conception into 
crops and into the study of soils which pro- 
vides certain of the necessary elements in 
crop production. He was keenly impressed 
with the fact that most crops are produced 
out of the natural store of plant food just as 
coal is produced from the mines without restor- 
ation, and that this being the case, the indi- 
vidual can not compete against an agriculture 
which mostly draws upon virgin stores if he 
undertakes to apply to his iand anything more 
than what is necessary to increase the 
amount “of the limiting element.” By 
this, he meant the particular form of plant 
food which chances to be lacking and, there- 
fore, which limited the combinations which 
might be made in the form of plants. He 
announced the doctrine that the farmer 
should first know his soil by an inventory of 
its constituents, particularly those likely to 
run short as a merchant takes frequent inven- 
tory of his stock and places timely orders 
where the stock is running short, leaving the 
full shelyes alone until they shall begin to run 
low. 

With this view of the situation, he made 
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scientific objections to the whole theory of 
prepared mixed fertilizers just as he did to the 
idea of a patent medicine, believing with the 
physician that the first step is to diagnose the 
situation and then to find the particular rem- 
edy that is needed and apply it. He particu- 
larly objected to the use of “ acid phosphates ” 
partly because of cost arising from the fact 
that a full half of the weight consisted of sul- 
phuric acid which is not a fertilizer and partly 
because of the fact that the acidity of soils, 
even under normal conditions needs frequent 
correction in order that the bacteria may 
thrive upon the roots of legumes and the store 
of nitrogen be properly increased. 

Again with this conception of maintaining 
fertility, Dr. Hopkins believed, and his experi- 
ments seemed to confirm the belief, that suffi- 
cient amounts of nitrogen for ordinary farm- 
ing purposes could be obtained by proper ro- 
tation of crops introducing the legumes with 
reasonable frequency, provided that soils were 
not allowed to become acid and that suitable 
measures were taken to promote bacterial 
growth. 

The great slogan which Dr. Hopkins con- 
stantly employed was that of a “ Permanent 
Agriculture,” by which he meant that in the 
application of fertility, regard should be had, 
not only for the immediate results, but for the 
permanent effect upon the land, the test of 
which lay in this question: “Am I applying © 
in my fertilizers as much phosphorus or po- 
tassium as I am removing in my crops and am 
I abstracting from the atmosphere by my ro- 
tations enough nitrogen to restore the draft 
upon the land?” He insisted that every 
farmer should not only be able to answer this 
question in the affirmative, but that if he chose 
for application the cheapest sources of plant 
food, he would be able to apply a little more 
year by year taan he took out. 

For this reason, the system which Dr. Hop- 
kins advocated was the application of enough 
fertilizer to replace what would be taken out 
by a hundred bushels of corn, fifty bushels of 
wheat and so on for the other maximum 
vields. In this way, he argued—and seemed 
fully able to prove—that the American farmer 
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could build up an agriculture that would be 
not only profitable but also permanent and in- 


creasingly productive. 
E. DAVENPORT 


SCIENTIFIC EVENTS 
ATOMIC ENERGY 

At the second day of the James Watt cen- 
tenary commemoration at Birmingham those 
present heard an address by Sir Oliver Lodge 
foreshadowing the possible employment of 
atomic energy. 

According to the report in the London 
Times Sir Oliver Lodge said that, in view of 
the fact that the sources of molecular energy 
are beginning to show signs of exhaustion, he 
ventured to assume that if James Watt were 
living to-day he would be directing his atten- 
tion to discovering whether there are other 
stores of energy at present almost unsuspected. 
The fact was that contained in the properties 
of matter there was an immense source of 
energy so far inaccessible, but which he saw 
no reason why the progress of discovery should 
not make available. He referred to atomic 
energy which, if it could be utilized on an ex- 
tensive scale, would, he believed, greatly ameli- 
orate the conditions of factory life. There 
would be no smoke due to imperfect combus- 
tion and no dirt due to the transit of coal or 
ashes, while the power would be very compact 
and clean. Possibly there might occasionally 
be explosions due to the liberation of power 
more quickly than it was wanted, but in gen- 
eral he presumed that the conditions of utili- 
zation would be good. 

Sir Oliver explained that the secret of this 
power began to be given away when radio-ac- 
tivity was discovered, and said that at present 
we were hardly at the beginning of its utili- 
zation. The discovery of radium, which soon 
followed, excited universal interest and 


aroused great surprise, because radium ap- 
peared to give off energy continually without 
being consumed. The truth was that it did 
disappear as it gave off its energy, but the 
disappearance was so slow and the energy 
given off so remarkable that it was not sur- 
prising that one was noticed before the other. 
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The energy of radium, however, was not under 
control, and it went on emitting energy at its 
own proper rate without regard to accidental 
circumstances. What happened was that every 
now and then a particle was projected. The 
energy stored in an atom was something enor- 
mous, and if we could make the atoms fly off 
when we wanted there would be available a 
source of energy which would put everything 
else into the background. This energy was 
contained in all forms of mater and was not 
confined to radio-active substances. If a stim- 
ulus could be found the utilization of this 
source of energy would be possible. We ap- 
peared to be on the verge of utilizing a minute 
fraction of it, and it was this energy which 
had made wireless telephony possible. 


STATISTICS OF THE NATURAL GAS INDUSTRY 


A report on “Natural Gas and Natural 
Gasoline in 1917” by John D. Northrop, just 
published by the Geological Survey, gives 
statistics of the production and consumption 
of natural gas and sketches the condition of 
the industry in 25 states. It gives also sta- 
tisties concerning gasoline made from nat- 
ural gas in that year. 

More than 2,100 cities and towns in the 
United States are supplied with natural gas, 
which is furnished to domestic consumers at 
rates that should arouse the envy of those 
consumers of artificial gas who have to pay 
about a dollar a thousand cubic feet. The 
average price per thousand cubic feet charged 
to consumers of natural gas in the United 
States in 1917 was about 30 cents. The 
average price charged to manufacturers was 
less than 12 cents. 

Most of the towns and cities supplied with 
natural gas are in New York Pennsylvania, 
Ohio, West Virginia, Kansas, Oklahoma and 
California. In Ohio 872,000 domestic con- 
sumers were supplied in 1917, In Pennsyl- 
vania 480,000, in California 239,000, in 
Kansas 188,000, in New York 164,000, in 
West Virginia 129,000, and in Oklahoma 
95,000. The industrial consumers, by whom 
the gas is used for manziactures or for gen- 
erating power, use twice as much gas as the 
domestic users. 
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The recovery of gasoline from natural gas 
has now become a large industry, which con- 
tributes materially to the supply of motor 
fuels. Experiments in the conversion of nat- 
ural gas to gasoline were made as early as 
1903, but experiment did not give way to 
commercial production until about 1910. 
The growth of the industry since that year 
has been remarkable. In 1911 there were in 
operation 176 plants, which produced about 
7,400,000 gallons of raw gasoline from nat- 
ural gas. In 1917, only six years later, there 
were 886 plants, which produced nearly 218,- 
000,000 gallons. Prior to 1916 most of the 
gasoline recovered from natural gas was 
derived from casing-head gas obtained from 
oil wells, by methods involving compression 
and condensation, but from year to year an 
increasingly large proportion of the annual 
output of natural-gas gasoline has been re- 
covered by the absorption process, which has 
now been applied not only to “ wet ” gas from 
oil wells but also to so-called “dry” gas, 
which occurs independent of oil and consti- 
tutes the main supply of natural gas. Dry 
gas can not be profitably converted into gas- 
oline by compression. 


LEATHER FROM AQUATIC ANIMALS 

Tue Bureau of Fisheries reports that excel- 
lent progress in the tanning of fish leather is 
to be recorded, and a number of the difficulties 
that have retarded the development of the in- 
dustry have been overcome by tanners in this 
field. 

One company which is tanning fish-skins has 
established a station in North Carolina and 
another in Florida for the capture of sharks 
and porpoises, and is meeting with success in 
its fishery for sharks. It is understood that 
the number of stations will be increased as 
rapidly as possible. Another company which 
has recently acquired a site for a tannery in 
Washington plans to tan the hides of sharks, 
beluga, hair seals, ete. 

Samples of leather recently submitted show 
marked improvement in appearance over 
earlier samples. The leather is soft and pli- 
able and appears to have ample strength for 
many uses. Arrangements have been per- 
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fected for the Bureau of Standards to make 
tests of later products as to durability, poros- 
ity, tensile strength, pliability, water absorp- 
tion, wearing qualities, ete. 

The nets which the Bureau developed for 
the capture of sharks are proving successful 
and are being adopted for the fishery. At the 
fishery stations the liver oil is extracted and 
the flesh is converted into fertilizer, so that 
none of the material is wasted. 

The supplies of walrus leather, which is cut 
into wheels and used for polishing fine metal 
surfaces or for removing mars and scratches 
on bright metal objects, have heretofore been 
imported. Last year the bureau furnished 
several interested persons with pieces of wal- 
rus hides for tanning and has recently received 
a sample of leather made therefrom for which 
tests are being arranged to determine its suita- 
bility for such purposes. 


VACATION NATURE STUDY 


BELIEVING that a better knowledge of wild 
life will bring about better conservation of 
it, and that when people are on their summer 
vacations they are most responsive to edu- 
cation on wild life resources, the California 
Fish and Game Commission backed by the 
California Nature Study League instituted 
this past summer a series of lectures and 
nature study field trips designed to stimulate 
interest in the proper conservation of natural 
resources. Six different resorts in the Tahoe 
region were selected for the work, and here 
illustrated lectures on the game birds, song 
birds, mammals and fish, given by Dr. Harold 
C. Bryant, of the University of California, 
furnished evening entertainment and early 
morning trips afield gave visitors an intro- 
duction to mountain wild life. 

The motto of the field classes was: “ Learn 
to read a roadside as one reads a_ book.” 
Special excursions for children gave sur- 
prising results owing to the rapidity with 
which they absorbed information about the 
living things encountered. 

Compact nature study libraries were placed 
at the resorts by the California Nature Study 
League and an exhibit of colored pictures 
and other illustrated material was on display. 
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Thus visitors were further able to increase 
their fund of information regarding wild life 
by a study of pictures giving full colors, by 
specimens and by books giving detailed facts. 

This experiment in making conservation- 
ists out of “ vacationists” proved so success- 
ful that another year will doubtless see the 
work expanded and the opportunity to study 
under a nature guide offered to thousands of 
those on their holidays in all parts of the 
state. 


A COMPENDIUM OF CHEMICAL AND PHYSICAL 
CONSTANTS1 


ScieNcE played so important a role in the 
war that one of the war’s outcomes has been 
a national stock-taking by each of the principal 
countries engaged in the struggle of its con- 
dition, both as regards the scientific knowl- 
edge and resources already in its possession 
and the means it has for increasing this knowl- 
edge. England, Japan and America have all 
established departments or councils of na- 
tional scientific research, either supported by 
government, as in the case of England and 
Japan, or by private funds, as in the case of 
our own National Research Council. 

Out of this stock-taking has come the reali- 
zation that certain scientific knowledge and 
the means of access to it have been largely in 
the hands of the Germans, and that other 
countries have been obliged to rely on Ger- 
man publications in order to make any use of 
it at all. A notable instance of this is af- 
forded by the situation as regards the chem- 
ical and physical constants so indispensable 
for precise work in all chemistry and physics 
and in the application of these sciences to in- 
dustry. 

The National Research Council, therefore, 
with the cooperation of the American Chem- 
ical Society and the American Physical So- 
ciety has planned to compile and issue a criti- 
cal American compendium of chemical and 
physical constants which shall be up to date 
and correct, which, by the way, the German 
publications were not. And yet these badly or- 
ganized and inaccurate German compendia 

1 Press bulletin issued by the National Research 


Council. 
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were the only ones available to the. American 
experts during the war in connection with 
their all-important scientific work on the press- 
ing problems of war technique. 

This will be a tremendous task and will in- 
volve the expenditure of at least $100,000 
which must be obtained from private sources. 
The committee representing the National Re- 
search Council and the American Chemical 
and Physical Societies will have to scour all 
the university and research laboratories of the 
country for the needed facts. In addition the 
committee will attempt to find out from the 
business and industrial concerns of the coun- 
try whose work is based on applied chemistry 
and physics a list of all the constants required 
in their work, and then will undertake to have 
these determined by scientific investigators and 


included in the compendium. A _ successful 


outcome of this large undertaking will be of 
inestimable value to the scientific and ma- 
terial strength of the nation. 





SCIENTIFIC NOTES AND NEWS 


At the October meeting of the executive 
board of the National Research Council Pro- 
fessor Vernon Kellogg, of Stanford Univer- 
sity, was elected executive secretary of the 
council. He will hold this position in addi- 
tion to that of chairman of the council’s di- 
vision of educational relations which he as- 
sumed last July. Professor Kellogg’s work 
with Mr. Hoover’s relief organizations and the 
Food Administration, which extended from 
May, 1915, to the present, is now practically 
at an end, although he remains one of the di- 
rectors of the American Relief Administration 
European Children’s Fund, which is the one 
still active organization under Mr. Hoover's 


direction. 


AT its meeting held on October 8, the Rum- 
ford Committee of the American Academy of 
Arts and Sciences voted the following appro- 
priations: To Professor Frances G. Wick, of 
Vassar College, in aid of her researches on the 
phosphorescence of hexagonite and of fluorite 
at ordinary and low temperatures, $300; to 
Professor Robert W. Wood, of the Johns Hop- 
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kins University, for the continuation of his 
optical investigations, additional to former 
appropriations, $350. 


Dr. THEOBALD SmiTH, director of the de- 
partment of animal pathology of the Rocke- 
feller Institute for Medical Research, fer- 
merly professor of comparative pathology at 
Harvard University, has been appointed Cut- 
ter lecturer on preventive medicine and hy- 
giene at Harvard University for the next 
academic year. 

Tue Botanical Society of Washington has 
elected the following officers for the ensuing 
year: President, Haven Metcalf; Vice-presi- 
dent, A. J. Pieters; Recording Secretary, 
Chas. E. Chambliss; Corresponding Secretary, 
R. Kent Beattie; Treasurer, L. L. Harter. 


Proressor H. von Mancoupt has been 
elected president of the German Mathematical 
Society, and Professor Felix Klein, honorary 
president. 

Dr. Joun E. Teepre, of New York City, 
has been elected treasurer of the American 
Chemical Society to fill the unexpired term 
of the late Dr. E. G. Love. 


AFTER many years of service in the exami- 
nation of applications for chemical patents, 
Mr. Bert Russell has resigned his position as 
first assistant examiner, to devote his atten- 
tion largely to chemico-legal problems arising 
in the patent practise of Messrs. Prindle, 
Wright and Small, of New York City. Mr. 
Russell has been secretary of the Patent 
Office Society, which has been active in 
improving the resources, the standards and 
the efficiency of the Patent Office. 


Dr. Cart Hartiey, pathologist in the office 
of forest pathology, Bureau of Plant In- 
dustry, has recently resigned to accept a 
position as pathologist with the Instituut 
voor plantenziekten en Cultures, Buitenzorg, 
Java. 


Dr. L. C. Grenn, who has recently been on 
leave of absence from Vanderbilt University 
while in charge of the collection of oil and 
gas valuation data in Kentucky, Tennessee 
and Alabama for the Internal Revenue De- 
partment, has made an examination for the 
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United States Department of Justice of cer- 
tain oil lands along the Red River near Burk- 
Burnett, Texas, over which there has arisen a 
question as to jurisdiction between Texas and 
Oklahoma. 


ProressorR Merte RANDALL, of the depart- 
ment of chemistry of the University of Cali- 
fornia, has returned to Berkeley after having 
spent the summer as research chemist in the 
laboratories of the Experimental Kelp-Potash 
Plant of the U. S. Department of Agricul- 
ture, at Summerland, California. 


Proressor Henry B. Warp, of the Univer- 
sity of Illinois, special assistant of the Bu- 
reau of Fisheries, has returned to Urbana, 
after completing an investigation of the 
salmon spawning grounds of the Copper 
River and certain important tributaries. 
Accompanied by Professor W. A. Oldfather, 
also of the University of Illinois, and J. R. 
Russell, superintendent of the Bureau’s fish- 
cultural stations in Washington. 


Proressors R. A. Daty, of Harvard Uni- 
versity, and A. G. Mayor, of Princeton Uni- 
versity, have returned from an expedition to 
American Samoa under the auspices of the 
Department of Marine Biology of the Carnegie 
Institution of Washington. Professor Daly 
made a study of the lithology of Samoa, and 
also confirms the opinion that the fringing 
reef now surrounding Tutuila is of recent 
origin, and was antedated by a time wherein 
there were no living reefs around the island. 
Ancient reefs are sunken to depths of about 
30 fathoms, but these have nothing to do with 
the modern reefs. Corals were planted out at 
depths between 84 fathoms and the surface in 
order to determine the growth-rate of the reefs. 


AT the eight hundred and twenty-first meet- 
ing of the Philosophical Society of Washing- 
ton which was held on Saturday, October 11, 
Dr. C. G. Abbott read a paper on “ Solar stud- 
ies in South America”; Dr. L. A Bauer, on 
“The total solar eclipse at Cape Palmas, Li- 
beria, May 29, 1919,” and D. M. Wise, on 
“ The total solar eclipse at Sobral, Brazil, May 
29, 1919.” 

THE Bulletin of the American Mathematical 
Society states that the firm of Julius Springer, 
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Berlin, announces the publication of a new 
journal devoted exclusively to original mathe- 
matical memoirs, the Mathematische Zett- 
schrift. It is edited by Professor L. Lichten- 
stein, with the collaboration of Professors K. 
Knopp, E. Schmidt and I. Schur and an edi- 
torial committee consisting of Professors W. 
Blaschke, L. Féjer, C. Herglotz, A. Kneser, E. 
Landau, O. Perron, F. Schur, E. Study and 
H. Weyl. Two volumes appear annually. 


Dr. Epwarp L. THorNDIKE, professor of edu- 
cational psychology in Teachers College, Co- 
lumbia University, delivered an address at 
Wesleyan University on October 14 on “ Psy- 
chological tests for college entrance examina- 
tions.” 


Dr. ALEXANDER D. BLACKADER, professor of 
pharmacology and therapeutics in McGill Uni- 
versity, Montreal, delivered the annual ad- 
dress to the medical students on Founder’s 
Day, his subject being, “Our medical faculty 
and the value of continued medical research.” 

Tue late Professor Rudolf A. Witthaus, of 
the Cornell Medical College, bequeathed his 
medical apparatus and scientific, books to the 
college. 


WILHELM VON SIEMENS, head of the Siemens- 
Halske Companies, is dead at Arona, Switzer- 
land. 


Nature reports that the council of the 
Royal Society has nominated representative 
committees to deal with national questions 
connected with the international unions which 
it is intended to form under the International 
Research Council. The committee for as- 
tronomy will consist of the Astronomers 
Royal for England, Scotland and Ireland, the 
Superintendent of the Nautical Almanac, six 
members nominated by the Royal Society, six 
members nominated by the Royal Astronom- 
ical Society, two members nominated by the 
Royal Society of Edinburgh, two members ap- 
pointed by the Royal Irish Academy and two 
members appointed by the British Astronom- 
ical Association. The committee for geodesy 
and geophysics will consist of the Astronomers 
Royal, the director of the Meteorological 


Office, the director-general of the Ordnance 
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Survey, the hydrographer of the Navy, two 
representatives of the Royal Society of Edin- 
burgh, two representatives of the Royal Irish 
Academy, two members nominated by the 
British Association, and two members nomi- 
nated by the Royal Society. Since their for- 
mation these committees have advised the 
council of the Royal Society on the formatioy 
of the international unions in their respective 
subjects, and nominated the delegates to the 
recent meeting at Brussels. The Federated 
Council for Pure and Applied Chemistry was 
also recognized as the national committee on 
that subject. 


Tue following lectures were delivered dur- 
ing the graduate summer quarter in medica] 
sciences at the University of Illinois, College 
of Medicine, Chicago, Illinois. 


‘*Transmission of eye-defects induced in rabbits 
by means of lens-sensitized fowl-serum:’’ Michael 
F. Guyer, Ph.D., professor of zoology, at the Uni- 
versity of Wisconsin. 

‘“Metabolie gradients:’’ C. M. Child, Ph.D., 
professor of zoology at the University of Chicago. 

‘*Modes and age periods of infection in tuber- 
eulosis:’? M. P. Ravenel, M.D., professor of pre- 
ventive medicine at the University of Missouri. 

‘*Catalase:’’ W. E, Burge, Ph.D., assistant pro- 
fessor of physiology at the University of Illinois. 

‘*Nerve transplantation: ’’ C. Carl Huber, M.D., 
professor of anatomy at the University of Michi- 
gan. 

‘*Malaria with especial reference to its con- 
trol:’’ C. C, Bass, M.D., professor of experimental! 
medicine, Tulane University. 

‘*Giant cells and their réle in bone resorption:’’ 
Leslie B. Arey, Ph.D., professor of microscopic 
anatomy, Northwestern University., Medical School. 

‘*The influence of some chemical substances on 
immunity reactions:’’ Aaron Arkin, Ph.D., M.D., 
professor of pathology and bacteriology, Univer- 
sity of West Virginia. 

Tue Advisory Committee of the American 
Chemical Society, on the authority given it by 
the council, has recommended Professor W. A. 
Noyes as chairman of the board of editors in 
charge of the scientific series of monographs, 
and Dr. John Johnston as chairman of the 
board of editors of the technological series of 
monographs recommended by the committee 
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TuE Royal Society announces that two John 
Foulerton studentships will shortly be awarded 
for original research in medicine, the improve- 
ment of the treatment of disease, and the 
relief of human suffering. Researches must 
be carried out under the supervision and con- 
trol of the Royal Society. The studentships 
are of the value of £400 each, and are tenable 
for three years, but may be extended to a 
total period of six years. Candidates must be 
of proved British nationality; both sexes are 
eligible. 

UNIVERSITY AND EDUCATIONAL 

NEWS 


Ar a recent meeting of the New York En- 
dowment Fund Committee of the Massachu- 
setts Institute of Technology, Mr. Coleman 
du Pont presiding, President R. C. Mac- 
Laurin announced that $1,500,000 had been 
subscribed toward the $8,000,000 endowment 
fund. “Mr. Smith,” the anonymous donor 
of $7,000,000 to the institute, has agreed to 
give $4,000,000 to the fund if $3,000,000 is 
pledged by January 1, 1920. 

Dr. Grorce W. Crite, of the School of 
Medicine of Western Reserve University, has 
given $100,000 to endow a chair of surgery. 
Dr. Crile is chief of the surgical staff of the 
school. He headed the Lakeside Hospital 
Unit of Cleveland, one of the first American 
units in France. 


Co_uMBIA University has received a gift of 
$6,000 for research work in food chemistry. 


ProressoR SAMUEL N. Sprina has returned 
to the United States for the first term of 
the present college year to teach silviculture, 
forest law and policy in the Department of 
Forestry at the University of Missouri. He 
will resume his work as professor of silvicul- 
ture at Cornell University on January 1, 


being at present on leave of absence. 


Ricuarp M. Fietp has been appointed as- 
sistant professor of paleontology and histor- 
ical geology at Brown University. He also 
continues his association with the research 
staff of the Museum of Comparative Zoology 
at Cambridge. 
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Epwarp H. Mack, Ph.D. (Princeton, 1916), 
has returned from overseas duty and has 
gone to the Ohio State University as assist- 
ant professor of physical chemistry. 


Proressor Epwix Morrison, for thirteen 
years head of the department of physics at 
Earlham College, has been granted a year’s 
leave of absence and is teaching engineering 
physies in the Michigan Agricultural College. 


C. M. Youna, formerly of the University 
of Kansas, has returned as professor and 
head of the department of mining engi- 
neering. 


Dr. Horst Ozrret has been appointed head 
of the department of pathology at McGill 
University. 

Dr. Epwarp Hinpiz, Kingsley lecturer and 
fellow of Magdalene College, Cambridge, 
assistant to the Quick Professor of biology, 
has been elected to the chair of biology in the 
School of Medicine, at Cairo, Egypt, in suc- 
cession to professor A. Looss. Dr. Hindle 
was instructor in zoology at the University 
of California from 1909 to 1910. 


DISCUSSION AND CORRESPONDENCE 
DOUBLE USE OF THE TERM ACCELERATION 


To tHE Epiror oF Science: The use of clear 
and distinct meanings of terms has not kept 
pace with the progress in science. One re- 
peatedly hears appeals for the stardardization 
of the meanings of terms. Great confusion 
arises when different writers use the same 
term with entirely different meanings. In 
the writer’s opinion, it is quite as important 
to fix the definitions of the fundamental terms 
as it is to fix the units; scientific organiza- 
tions ought to get together, arrive at some 
conclusion, and then appeal to the Bureau of 
Standards to officially standardize such defi- 
nitions as they do the units. 

A notable case which gives rise to much 
confusion, is the term acceleration. The 
engineer always used this term to mean the 
rate of increase of speed, that is, velocity 
divided by time, hence its dimensions are 
LT-; it is measured in feet (or meters) per 
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second per second. The physicists, however, 
who use this term in the same sense, also use 
it indiscriminately in an entirely different 
sense, namely, to express a change of direction 
of a moving body, without any regard as to 
whether there is any change in speed or not. 
Thus the physicist will refer to the existence 
of acceleration when to the engineer there is 
none. A case in point is the revolution of a 
fly wheel at a constant speed, the rim of which 
to the physicist is being constantly acceler- 
ated while to the engineer there is no acceler- 
ation, as the speed is constant. 

The physicist argues, and quite correctly, 
that a moving body represents a vector quan- 
tity, as it has both speed and direction. The 
same external force applied to such a moving 
body will change either the speed or the 
direction, depending upon the relative direc- 
tions of that force and of the moving body. 
But as force is defined as mass * accelera- 
tion, the physicist, apparently forgetting the 
difference between pure and applied mathe- 
matics, methodically divides this force by the 
mass and calls the quotient acceleration. It 
simplifies his mathematics. 

Such blind applications of pure mathe- 
matics, however, sometimes lead to absurd 
results. In the present case, if this external 
force is applied in the direction of the move- 
ment of the body, it adds energy to the 
moving system, as in the case of a falling 
body. This is the sense in which engineers 
use the term acceleration. But if this ex- 
ternal force is applied perpendicularly to the 
direction of motion, no energy whatever is 
added to the moving system, as in the case 
of bodies rotating around a center. 

The importance of this distinction is shown 
in the common term foot-pounds, the product 
of feet and pounds (of force). If both are in 
the same direction this product represents 
energy, while if perpendicular to each other 
it represents torque, which is decidedly not 
energy. The writer long ago suggested to use 


the term pound-feet, when it refers to torque, 
in order to call attention to the difference. 

In the MLT system of dimension of phys- 
ical quantities, force multiplied by length 
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gives energy; hence torque has the dimension 
of energy, when as a fact they are two 
entirely different physical quantities. The 
reason for this inconsistency is that in this 
system an angle has no dimension, yet we 
know that torque (which is not energy) when 
multiplied by an angle gives energy, hence an 
angle must have some dimensions. This is 
one of the serious shortcomings of that sys- 
tem. It is also the cause of the double use 
of the term acceleration. 

When force is defined as mass X accelera- 
tion, it should be understood that the angle 
is eliminated by being zero; acceleraton is 
then always a change of speed, the sense in 
which the engineer uses that term. A new 
term should be used when the force is at 
right angles to the direction of motion, in 
which case it adds no energy to the system 
and produces no change in speed, but merely 
a change of direction. For any angle be- 
tween 0 and 90° no further distinction is re- 
quired as the resultant then is always the 
vector sum of the two components at 0 
and 90°. 

Such a distinction between these two differ- 
ent meanings of acceleration is very desirable 
in order that the engineer and the physicist 
may always understand each other without 
confusion. 

Cart Herina 

PHILADELPHIA, 

October 7, 1919 


AN ORNITHOMIMID DINOSAUR IN THE 
POTOMAC OF MARYLAND 

A RECENT study of some of the dinosaur 
specimens in the United States National 
Museum from the Arundel formation of 
Maryland has led to a discovery of more than 
ordinary interest. It is the recognition of an 
undoubted Ornithomimid dinosaur, the first 
representative of this group to be found east 
of the Rocky Mountain States, or geologically 
below the Judith River formation of the 
Upper Cretaceous. 

The materials on which this determination 
rests consist of various bones of the hind foot, 
pertaining to more than one _ individual. 
Originally some of these elements were in- 
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cluded among the cotypes on which Marsh? 
founded the species Allosaurus medius, but in 
1911 they were removed from the Theropoda 
by Lull? to the Ornithopoda, and with other 
bones made the cotypes of the new species 
Dryosaurus grandis. I had never been satis- 
fied in my own mind that these bones per- 
tained to a herbivorous dinosaur but it was 
only recently that I have had the opportunity 
of comparing them with Ornithomimid mate- 
rials. Through the courtesy of Mr. Walter 
Granger, of the American Museum of Nat- 
ural History, I was enabled to compare these 
foot bones with those of the genotype of 
Struthomimus altus (Lambe) and other Or- 
nithomimid foot materials from the Belly 
River and Edmonton formations, and in 
every instance have found such close resem- 
blances as to leave no doubt of their Orni- 
thomimid affinities, a view concurred in by 
Mr. Barnum Brown, of the above institution. 

In an extended paper on the carnivorous 
Dinosauria contained in the collections of the 
U. S. National Museum, now in press, these 
bones are discussed in detail and are there 
tentatively assigned to the genus Orni- 
thomimus. 

The recognition of this Ornithomimid 
dinosaur led to an investigation of the other 
members of the Arundel fauna and the pre- 
liminary study appears to show that there 
are at least three other dinosaurian forms 
having Upper Cretaceous affinities. 

The presence of dinosaurs with Upper 
Cretaceous affinities, associated with Sauropod 
dinosaurs (Pleurocelus) is a combination 
previously unknown, but whether it means 
that the Sauropoda lived on to a much later 
time than we had previously suspected or 
whether we have in these dinosaurs of Upper 
Cretaceous affinities the progenitors of the 
Judith River (Belly River) forms, 1 shall 
reserve judgment until a critical study of 
the whole fauna, now in preparation, is com- 
pleted. 


1 Amer, Jour. of Sci. (III.), Vol. XXXV., 1888, 
p. 93. 

2Geol. Survey of Maryland, Lower Cretaceous, 
1911, pp. 204-206, Fig. 7; Pl. 20, Figs. 1-4. 


SCIENCE 395 


The Arundel formation is regarded by the 
most competent authorities to be Lower Cre- 
taceous in age, and equally eminent paleon- 
tologists have correlated the Arundel fauna 
with the Morrison fauna of the Rocky Moun- 
tain region so that the conflicting evidence 
of these later discoveries promises to be of 
both paleontological and geological interest. 


CuarLes W. GILMORE 


U. 8S. NationaAL MusEuMm, 
October 4, 1919 


AN ELEPHANT WITH FOUR TUSKS 


To THE Epitor or Science: I have thought 
that the accompanying note with regard to 
the “elephant with four tusks,” and its 
illustration would be interesting for SciENCE 
to reproduce as an extraordinary record 
tucked away in a rather remote publication. 

Picture and text are taken from “ Sudan 
Notes and Records,” Volume 2, number 3, 
July, 1919, page 231, and the account is there 
printed in Arabic with the accompanying 
translation. I am sure this will engage the 
attention of our many mammalogists and 
paleontologists. 

JoHN M. CLarKE 


On the 18th May, 1917, I went out shooting in 
the district of Sheikh Ako Mangara, in the Markaz 
of Yambio, in the village of Wakila Marbo, on the 
borders between Tembura and Yambio districts. 





I met a herd of elephant which I followed, 
searching for a good one to shoot. I kept follow- 
ing them until they stopped near a pool of water, 
where they began to drink and throw mud on them- 
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selves. I was in hiding behind a tree about fifteen 
yards from them looking at them, when I saw an 
elephant with four tusks as roughly represented in 
the attached sketch. 

The left tusk was the bigger and had the usual 
direction, but the direction of the small tusk was 
downwards and came out from under the big one. 
It was round, and its thickness was about 2} 
inches. 

The direction of the right tusk was downwards 
and the small tusk came out from under it in the 
usual direction, but it was small like the other one. 

I did not know that this elephant was so valu- 
able and for this reason I did not try to shoot it, 
although the Ombashi and the soldier who were 
with me told me to shoot it, but I refused. This is 


all the story. 
Asp EL-FaraG Ault, M.A. 


YAMBIO, 
February 17, 1919 


QUOTATIONS 


THE WORK OF THE BRITISH ASSOCIATION 
FOR THE ADVANCEMENT OF SCIENCE 


Your leading article of this morning ex- 
presses some dissatisfaction which even those 
who have best cause to be satisfied with the 
recent meeting will readily share. You sneer 
at the “vast sum” of £1,300 provided for 
research at the outcome of the meeting. We 
all share your obvious wish that it were much 
larger, and the treasurer especially made that 
desire clear at one of the evening meetings. 
Any hint you may give us how it may be 
increased will be gratefully received. Mean- 
while it is possible that its exact significance 
is not fully understood. It represents, so to 
speak, the extra charges for heating and 
lighting when a big factory is run overtime 
by voluntary workers. The main expenses of 
the scientific organization of the country, in- 
cluding the salaries of professors and demon- 
strators, are met in quite other ways. Some 
members of ths large staff find that they have 
time and energy to work overtme—to conduct 
some research which has occurred to them as 
desirable if only a piece of apparatus can be 
provided or the expenses of a series of com- 
putations met. They ask for no addition to 
their salaries for this work, though such ad- 
ditions could in many cases be reasonably 
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defended. They come to the British Asso- 
ciation only for out-of-pocket expenses. The 
value of the work thus done is enormous, and 
if fully remunerated would represent a sum 
many times greater than that actually de- 
voted to it. 

It follows that there is a limit to possible 
expenditure of this kind. I do not mean to 
suggest that has been reached, but clearly 
the unpaid overtime obtained from a given 
staff has its limits. There comes a point at 
which more work can be got only by adding 
to the staff, and at this point the British 
Association generally hands over the matter 
to some other body. Thus the beginnings of 
our Great National Physical Laboratory, now 
added to the scientific resources of the nation, 
may be traced in the earnest but unassuming 
work done by the British Association many 
years ago when in your own words “some of 
the best brains in Great Britain met in 
solemn conclave to allot the vast sum” of 
about £1,000, only a fraction of which could 
be devoted to the fundamental work of fixing 
accurately the electrical and other standards. 
The war has accustomed us to the huge sums 
which are apparently available for destruc- 
tion: it is a commonplace that the begin- 
nings of the most important constructive 
work are usually small. Is your sneer alto- 
gether appropriate? 

With your suggestions that the camp 
followers should be dismissed and the dis- 
cussions specially directed to the “ technical 
methods on which the progress of science 
depends” I do not find myself altogether in 
sympathy. We owe much to the camp fol- 
lowers, even beyond the money they provide 
for research; and the experts can meet at the 
Royal Society for technical discussions. But 
I searcely know whether you would welcome 
a reconsideration of the declared objects of 
the British Association in your columns: at 
any rate, I hesitate to enter on so large a 
field without some indication of permission. 
On the point you consider most vital, that 
the Association should “insist on the ad- 
vancement of science simply as knowledge, 
and not merely as a means to practical 
utilities,” we are all fully agreed, as a glance 
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at the most vital procedure—viz., the allot- 
ment of grants—will sufficiently indicate. If 
some of the accessories have a different ap- 
pearance, surely allowance may be made for 
the disturbance caused by the greatest war in 
history ?—-H. H. Turner, General Secretary 
of the British Association, in the London 


Times. 
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SPECIAL ARTICLES 
THE BOURDILLON WATER STILL 
Tuose who wish to obtain an abundant 
supply of “ conductivity ” water may be inter- 
ested in a distilling apparatus which has been 
in use in this and other departments of the 
University of Wisconsin for the past few 
years. This still was originally described by 
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EXPLANATION OF FIGURES 


Fig. 1. Steam Generator and Boiler. A, boiler, 
15-liter capacity, copper; A’, dash plate; B, trap 
with removable lid, copper; C, lead to condenser, 
4-inch diameter, block tin; D, condenser-tube, 6 feet 
long, 1 inch inside diameter, block tin; D, outlet 
for escaping gases, block tin; D’”, outlet for con- 
densed water, block tin; H, inlet for washed air, 
block tin; F, soda-lime tower and H.SO, in pumice 
tower (the figure shows but one jar); F’, outlet to 
out-of-doors; G, upper condenser jacket, 12 inches 
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long, 4 inches diameter, copper; H, lower condenser 
jacket, 18 inches long, 4 inches diameter, copper; 
I, rubber connection serving as expansion joint. 

Fie. 2. Air Pump and Wash Train J, as- 
pirator; J’, air inlet from out-of-doors; J”, water 
and air outlet of aspirator sealed into top of jar; 
K, pressure jar; K’, water outlet of pressure jar 
K; K”, air outlet of pressure jar K; L, wash jar 
containing commercial H.SO,; M,M, soda-lime 
towers; N, dust filter of cotton-wool; O, washed air 
outlet connecting with EF of Fig. 1. 
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Bourdillon.1 It was first used in this uni- 
versity by Mr. M. Meacham in 1914-15 in the 
laboratory of Dr. S. F. Acree. With this ap- 
paratus slightly modified from the original the 
writers have been able to secure a very good 
grade of water by a single distillation of 
laboratory tap water. 

Referring to the accompanying illustration, 
Fig. 1 consists of a boiler and condenser and 
Fig. 2 of an air-washing apparatus. The es- 
sential feature of the operation of the still is 
the washing with a stream of purified air of 
steam and of hot condensed water while spread 
out over the large interior surface of the con- 
senser-tube. During operation the steam 
passes from the boiler A (Fig. 1) through the 
trap B and upward through the condenser- 
tube D. At the upper end of D it is con- 
densed and runs while still hot down the sides 
of D to the bottom where it is further cooled 
before being discharged into the receiving 
vessel. During the passage through D the 
steam and hot water are washed by a stream 
of purified air which is forced into D at the 
bottom and passes upward and out at the top 
carrying with it volatile impurities from the 
steam and hot water. The nonvolatile im- 
purities are retained in the boiler. 

It is usual to put about one gram of KHSO, 
or H,PO, into the boiler for each two or three 
liters of water, although this may not be 
essential. In the construction of the con- 
denser it is better to have the workman use 
muriatic acid rather than rosin as a flux for 
soldering, because the latter substance may be 
difficult to remove from the interior after 
completion. In the arrangement of the air- 
washing system it is essential to have the 
soda-lime towers between the acid jar and the 
condenser to prevent any volatile fumes from 
the acid passing into the condenser. It is 
better that air be forced rather than drawn 
through the apparatus, because this avoids the 
possibility of contaminating the air stream by 
leakage of laboratory gases inward. The air 
pressure obtained from the pump may be 
regulated by varying the height of the water 
outlet K’ as well as by regulating the water 


1 Trans. Chem, Soc., 103, 794, 1913. 
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supply to the aspirator. Contamination of 
the interior of the condenser tube D from the 
outside is prevented by inserting absorbing 
chambers F of soda-lime and H,SO, in 
pumice between D’ and the out-of-door out- 
let F’. 

By using special care and after continued 
use for some time, water with a specific con- 
ductivity of 0.4 & 10° mhos has been obtained 
from tap water by a single distillation. With 
a fifteen-liter boiler on an ordinary gas-range 
burner, no difficulty has been encountered in 
securing eight to ten liters of water per day 
having a specific conductivity of from 1 to 
210° mhos. After the apparatus has been 
started and regulated, it requires very little 
attention. The following data are offered as 
an example of what may ordinarily be ex- 
pected of this still. 


TABLE I 


Specific Conductivity of Water Obtained from Tap 
Water by a Single Distillation with Potassium 
Acid Sulphate and Phosphoric Acid 


KHSO, Added to Water in Boller. HsP04 Added to Water in Boiler 
e —_ = — — = » 




















Samp. No. Conductivity x 10-* | Samp. No. |Conductivity < 10~ 

1 1.05 7 1.15 

2 1.01 8 0.97 

3 1.30 9 1.01 

4 0.68 10 0.89 

5 0.94 11 1.91 

6 0.89 12 0.89 
Average) 0.94 | Average! 1.14 | 
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